It is a non-trivial task for research-centric courses in the software engineering curriculum to compete and engage students on the same level as the practical, software development courses. Practical software development courses and projects are inherently motivating to students, as they provide necessary elements such as agency, relatedness, and the strong sense of competence upon completing software engineering tasks. In contrast, reading research articles and technical white papers feels dry and non-engaging. Nevertheless, a well-balanced MSc programme curriculum covers both, learning through construction and practical courses as well as research courses. The main motivation for the development of game-centric approaches to the research aspects of curriculum is to improve students' interest and engagement with those courses. In this paper, we present the methodology and initial evaluations from three gamification strategies used in the Master's degree programme. These are: the game of reading and discussing research articles (GoRaD), the game of arguing and counter-arguing, and combining research and practice. The paper presents our experimentation and initial evaluations of the use of those strategies, as well as plans for future development and enhancements.
| INTRODUCTION
Software engineering education [33] is an important subfield of software engineering focusing on education topics for software engineering e.g., how to better teach and train software engineering skills. It is the responsibility of software engineering education to prepare software engineering professionals by providing them with the skills to meet the expectations of the software industry [22] [23] [24] . Educators are incorporating simulation [2, 25] , games [16, 26, 27] ; as well as different pedagogical approaches such as inquiry-based learning [19] in their courses. Software engineering education at postgraduate level, in addition to the aforementioned areas, also includes research and preparation for research. Those aspects are qualitatively different from acquiring skills in developing software projects. A researcher needs deeper preparation in underlying principles, in problem formulation, and in validation of results [31] as well as a special kind of inquisitiveness and creativity [33] . For a typical software engineering student, learning by construction and software projects are inherently engaging. In contrast, the research elements pose specific challenges in software engineering education. Games are one method that can be used to immerse learners within an experience and create a lasting impression of the content [21] .
The Master of Science in Applied Computer Science is an international 2-year degree programme focused on Web, Mobile, and Games themes. The MSc programme consists of a number of general, and research-specific courses, as well as software engineering projects. The degree programme provides specialization in three application domains of computer science, namely, Mobile/Wearable computing, Web Technologies, and Games/Gamification/Serious Games. Students typically pursue research in one or two of these areas. At the Masters level, a degree in software engineering and programming consists of both research and development activities. Students are taught how to conduct research within software engineering as well as the engineering and development practices, methodologies, and tools.
Our teaching methodology is inspired by Self Determination theory (SDT) [6] . We have observed that most software engineering projects are highly engaging and motivating for students. Learning by construction, i.e., the development of a software system is intrinsically motivating for our students. The projects provide the students with agency, i.e., the students can select or create their own projects, tools, and software engineering methodologies. Competence and relatedness are also relatively easily achieved in software development projects. Unfortunately, it is harder to engage students in the research aspects of the R&D elements of the MSc programme. Thus, most of our gamification work has been focused on gamifying the research components of a Masters level degree. Gamification can be defined as using game-based mechanics, aesthetics, and game thinking to engage people, motivate action, promote learning, and solve problems [11, 12] .
MSc degree courses include the traditional process of reading and reviewing research articles. This is to facilitate students acquiring necessary skills for comprehension of research, critical and logical thinking, and the skills of argumentation. Ideally, students would read the suggested material before the lecture, and discuss the various aspects in class. However, students' motivation to read the research papers before the lecture session is a continuous challenge. The desired outcome is that students should read the research papers, reflect on the content of the research, create relevant, and interesting questions about the research in the paper, and finally, write or verbally discuss the qualities of the research and the article's presentation. This paper presents our work focused on gamification of the research components of a Software Engineering Masters level degree. The challenge for the gamification is to engage students in the research activities. To achieve the desired goals, we use three strategies in various courses, which put the students at the center of the activity. Those are: the Game of Reading and Discussing, oral/written argumentation exercises, and linking research and practice. This paper is organized as follows: In the next section, literature review has been provided with respect to Self Determination Theory (SDT), inquiry based learning, and critical thinking. The subsequent section illustrates background of this study along with description of the strategies used in various master level courses. Section 4 presents the evaluation of these strategies. The final section infers the conclusions, future work and limitations in this area.
2 | RELATED WORK 2.1 | Self determination theory in higher education SDT posits that humans come with the needs for relatedness, competence, and autonomy [6] . Note, that in this article we use the term "autonomy" and "agency" to mean the same concept. Some authors from the field of Gamification and Game Design use the term "agency," whereas others focus on "autonomy." Even though those two terms are not perfect synonyms, for the purpose of the article we often use them interchangeably. When the needs for relatedness, competence, and autonomy (agency) are met by activities or social contexts, people will find the tasks meaningful and continue to participate in them [34] . However, when these needs are thwarted, individuals will become disaffected and withdraw [34] . The satisfaction of learners' needs for autonomy, competence, and relatedness facilitate them to move along the learner's autonomy continuum from dependence to autonomy [10] . Increased relatedness to peers and faculty and increased higher-order thinking assignments are found to be substantial predictors of educational outcomes relevant to literacy, critical thinking, and, especially, job preparation [3] . Danyaro et al. [5] evaluated the patterns of use and behavior of tertiary level students based on SDT towards the use of Web 2.0 as an alternative and supplemental e-learning portal. They revealed that students have an inherent desire of expressing ideas and opinion online openly and independently and this sense of freedom makes students feel more competent, autonomous, or participative and find learning to be less tedious [5] . Lamprinou and Paraskeva [13] described the design process, implementation, and evaluation of a meaningful gamified online course with the use of structural and content gamification to increase student intrinsic motivation based on the Self-Determination during the learning process. Laskowski et al. [14] focused on gamifying the study program and its various aspects and Hew et al. [9] conducted a study based on SDT with an additional element of game mechanics i.e., points, badges, and leader boards and found that the contribution of students increased in the discussion forums, but there was no significant difference on students' recall of factual knowledge. Further, they found that the use of game mechanics had a positive effect on motivating students to engage with more difficult tasks, and that the quality of artifacts produced by participants in the experimental groups were higher than those in the control groups [9] . Rosenkranz et al. [32] provided evidence for the motivating effects of competence and relatedness in relation to medical students doing research and suggested that well supported compulsory research activities that incorporate group learning and elements of choice may promote motivation to do research, and potentially, careers in research, even in a research naive student body. Iosup and Epema [11] provides a comprehensive overview of using gamification in higher education. In their report, the authors have used social gamification techniques in two courses in one of the technical universities in Netherlands. One BSc course focused on Computer Organization and one MSc course focused on Cloud Computing. They found gamification to be correlated with an increase in the percentage of passing students, and in the participation in voluntary activities and challenging assignments. Gamification seems to stimulate interactions in the classroom.
| Inquiry-based learning
Inquiry-based learning is a question driven approach for active learning. Inquiry-Based Learning (IBL) is a studentcentered pedagogy that focuses on questioning, critical thinking, and problem solving [18] . The basic idea of IBL is asking meaningful questions, which may be established by students, teachers, or by negotiation among them [15] . Inquiry based learning is often described as a cycle which implies five phases: ask, investigate, create, discuss, and reflect [28] . Students are engaged in the learning activities, and the focus is shifted from teacher-led to student-centered learning [29] . Perry and Richardson [30] presented the Master of Science teaching program in which graduate students are required to develop inquiry-based curriculum for their respective classrooms and laboratories from what they experience as they pursue a graduate degree in science teaching. Wu et al. [36] proposed a knowledge exploration assistant system for inquiry-based learning to support Computer Science university students with instant assistance with proper knowledge materials and knowledge exploration functions during their learning process. Marques et al. [19] developed a self-motivating and inquiry-based educational game to teach software visualization and visual programming to university-level students. Acosta et al. [1] presented the expansion of the SMILE project (Stanford Mobile Inquiry Based Learning Environment), called RecQuest, in which teachers propose a research topic and provide students initial reading material about that topic that further drives students to create and share questions and answers using mobile devices.
| Critical thinking: arguments and counter-arguments
Critical thinking is generally recognized as an important skill, and one that is a primary goal of higher education [7] . Critical thinking skills are interpretation, analysis, evaluation, inference, explanation, and self-regulation [8] . According to Mason [20] , much of the rhetoric regarding education and its reform revolves around teaching students to think and question critically. Wei [35] showed that students need to challenge their peers and ask intriguing and openended questions in order to promote construction of knowledge online and to facilitate the critical thinking of students through collaborative interaction. Furthermore, it was found that facilitation of critical thinking skills using wiki happened where students reflected on and synthesized credible information, explained their own ideas in the wiki and through incorporating others ideas [35] . Liu et al. [17] described an effective web-based learning strategy, peer review, and revealed that students not only performed better under peer review, but also displayed higher level thinking skills, i.e., critical thinking, planning, monitoring, and regulation. The most effective individual appears to be the strategic adapter who effectively constructs a project, adjusts to peers comments, and serves as a critical reviewer as well [17] . Cismas [4] described RWCT (Reading and Writing for Critical Thinking), a new research-based, instructional methods able to help students think reflectively, take ownership of their personal learning, understand the logic of arguments, listen attentively, debate confidently, and become independent, life-long learners by promoting active inquiry, student-initiated learning, and refinement of problem-solving skills, critical thinking, and cooperative learning.
| RESEARCH METHODOLOGY

| Background
Self Determination Theory (SDT), a motivational metatheory, which is used in game design as well as general behavioral intervention analysis, suggests that Agency, Competence, and Relatedness are important psychological factors that influence the sense of intrinsic motivation and engagement. The structure of our degree, as well as the choice of learning methods reflects the fundamental principles of the theory, which we use as a theoretical basis for a gamification of the core research activities in the degree. Our teaching environment is structured such as to influence and increase the three main factors highlighted by the SDT: Agency, Competence, and Relatedness. The theory itself is at the core of the Games and Serious Games track, due to the track focus and teaching material used. Students are taught about SDT and other gamification theories and methodologies. However, the use and applicability of SDT is not limited to Serious Games track. It influences the other two tracks of our MSc programme: Mobile and Web. We use a number of methods to increase the intrinsic motivation of students, as well as their engagement through application of tactics and teaching methods that appeal to all three aspects of the Self-Determination theory. One of the key features of good educational programme is engaging students with the teaching material. There are many techniques used to put the student in the center of the learning environment. We try to achieve this through the choice of exercises, engagement methods, and the way students work with the teaching materials. This includes both in-class activities and those conducted by students independently at home.
| The degree structure
The MSc programme takes 2 years split into four semesters. Semester 1 is dedicated to Scientific Methodology and Communication course, plus various introduction courses within the Games, Mobile, and Web tracks. In addition, Semester 1 contains the Applied Computer Science project course. The Applied Computer Science course is the selfmotivating, group project focused on development of a usable prototype for external stakeholders. The other courses are generic in nature or research focused. Semester 2 contains the remaining research introduction courses (research-based), Experts in Teamwork (teamwork-focused course) and the Integration Project course. The Integration Project course is a development course that pushes students to integrate multiple technologies in a single, coherent project. Semester 3 is a preparation for the MSc project, and it includes Advanced Project Work, Project Planning, and specialization courses pertinent to students' MSc topic. All subjects in Semester 3 are research focused. The final semester (S4), involves thesis work and thesis writing. In these first two semesters, the study material is broader, and applicable to the wider audience of the class. Semesters 3 and 4 focus on individual activities. The students work on their own projects and focus on their own area of expertise. The gamification elements within the degree are used mostly in Semesters 1 and 2, where students need to engage with each other.
| Questioning and question quality
In GoRaD-subsequently renamed as EduLab-and Essay counter-arguing (Figure 1) , the fundamental aspect that we are focusing on is questioning. Questioning is, broadly speaking, essential for any software engineer, where most of the activities are focused on either: questioning, or answering questions. One of the highlights of this phenomenon is through the StackOverflow systems, where questioning and answering questions is a fundamental aspect of the system itself. Debugging is another example where properly formulated questions lead to insightful answers, whereas purely formulated questions distract and lead astray. Each set of values entered while debugging can be considered a question. Entering the values that reveal the nature of the bug lead to finding the bug much faster.
The quality of an answer is often related to the quality of question, and therefore, students, or software engineesrs in general, should be encouraged to improve their questions quality. The challenge for educators is how to improve question quality?
In our curriculum, we focus on three dimensions of questions, namely: (1) is the question answerable; (2) is the question relevant and interesting to the domain of inquiry; and (3) how succinct is the question. There are many other possible dimensions in which question quality can be assessed. In the context of the aforementioned tools and game-like systems, we have focused on those three aspects.
| Teaching method example: GoRaD
The Game of Reading and Discussion (GoRaD) is the result of multiple iterations of designing and testing various gamifications of the core analysis activity. The challenge we are addressing through the game is to engage software engineering students in critical reading of research articles and technical specifications before the class. The first iteration was adding the requirements that students submit questions about the research papers and technical documents set for the next session, and score the quality of each other's questions (Figure 2) . Note, students often need some time to get accustomed to the system, and "play" with it, by posting low-barrier entry questions, and we often spend one or two lectures in "play" mode introducing the student to the system and encouraging the discussion, questions (Figure 2 ). The next iterations included writing reflection statements about the research and grading each other's reflections. Finally, the present form allows questions, evaluations, reflections, and discussion to be conducted through the tool and for these interactions to be scored and become part of the social interactions in the course. See Figure 3 for example of question scoring and discussions during one of the cryptocurrencies seminars for which the system was used.
The GoRaD system has gone through three iterations of technology, initially being written in PHP and SQL. After the initial release, the system has been re-written in JavaScript and Angular 1 framework, on the front-end and Firebase-based backend. http://loopback.io system, deployment, and unit testing. This allows students to not only experience the tool itself, but also, contribute to the issue tracker as well as the development of various features of the system itself. The various technology stacks were chosen at the time of development, therefore, Angular 1 was used initially, and subsequently updated to the new version of the framework. The original Firebase storage turned out to be limiting, and the decision was made to move the backend storage to MongoDB for flexibility and robustness. The Loopback framework seemed a natural choice to provide Restful API in declarative form, as opposed to using more imperative library to achieve the same effect. GoRaD was initially a simple online system that allows students to post questions related to research article, and see questions posted by others. We have subsequently added the ability to vote on questions submitted, and later, changed it to weighted allocation of points across multiple submitted questions each week before the class. The system supported students' engagement with research papers by providing Competence measures related to scoring points based on the quality of the questions students asked. Other students allocate points to the questions you ask, and you can allocate points to questions others formulated. The lecturers for the course include their own questions, and as all questions are anonymous to other users, the lectures can also engage in trying to write high quality, high-scoring questions.
The use of other students in the course as part of the review and scoring system of the game supports the need for Relatedness, as the other students in the group are integral to performing well. There is also a high score list to provide an incentive for students to have the best question in each week, and an overall list for the semester. Supporting Agency is easy within a games context as the player is the focus of the game, and the interaction of the player with the rules and context of the game is the core of the difference between games and film. Within a teaching context, where | there are learning outcomes that must be achieved, agency is naturally lowered, as the student is not making the choice. To counter this we allow student to choose both the area of the Mobile or Serious Games that they want to focus on, and also to suggest papers that they have found that are interesting. We provide students with a default option for the research paper to cover. The importance of Agency is not in making a choice, but in the feeling that choices are available.
| Teaching method example: arguing and counter arguing
Critical thinking, the ability to argue your point of view, formulating clear objectives, and logical reasoning are teaching objectives in multiple courses on the MSc level. All those skills require practice. In addition to standard lectures and assignments, we have experimented with two additional ways of engaging students that enhance their agency as well as relatedness. The students are required to postulate an argument, and then present it, in oral or written form. After formulating their own argument, students have to prepare counterarguments for other students' statements. There is a friendly confrontation of postulating a thesis, or counter-thesis, and then engaging in discourse to defend or counter-argue another student thesis. These sessions are either verbal presentations, or through our online system that allows students to submit their essays and reviews, comments and counter arguments in written forms. The students are empowered to provide reviews FIGURE 2 Example comments/questions for one of the courses that the system was used for and scores for their peers, and the system encourages peer-topeer activities between the students directly. Students' contributions are read and evaluated by the peers from the class, which provides strong link to Relatedness. Agency is inherent in the task itself. The students are free to choose their own topics, as well as arguments for or against a given thesis. The essays and counter arguments are limited to1,200 words, and the reviews to 600 words.
For arguing and counter-arguing in written form an extension to the GoRaD system has been added. This extension allows students to submit essays and reviews, as well as counter-arguments (Figure 4) . The system allows students to question each other submission, obtain direct feedback, and peer-review each other work ( Figure 5 ).
| Teaching method example: combining research and practice
A number of courses in the Software Engineering MSc programme address the objective of combining the research elements and practice. The purpose is to use the university curriculum to provide students with the concept of levelling up, in their use of research and state-of-the-art investigations prior to undertaking software development tasks. The practical elements are always adjacent to more researchfocused courses. In particular, the research specialization courses are augmented with learning by construction courses that utilize the knowledge and understanding developed through the research. Students engage in research-based construction tasks from the Integration Project, in Semester 2. The research element there is minimal, and the focus of the course lies in software development and in development methodologies. Nevertheless, students are not given a specification of how they should solve the problem at hand. They have to propose their own solutions.
The second instantiation of the same structure, with a much stronger focus on the research elements is the Advance Project Work. The research element here is expanded, and students need to conduct literature review and analyze more thoroughly the state-of-the-art.
The final course that is lined up for this particular objective is the MSc project itself. Here, the balance is shifted One could say that software engineering students are leveling up through those three courses, to obtain the necessary skills and capabilities in research-driven software design and development.
| EVALUATION OF METHODS
It is worth noting, that the MSc programme graduates, almost exclusively go to the workforce in the software development industry, not in academia. The percentage of graduates that proceed into academic career after finishing their MSc degree, for our campus students is less than 5%. This means, that for the majority of students, the MSc curriculum must provide adequate industry preparation, with relevant practices and know-how, to benefit the software development community at large. Our choice of techniques and strategies to improve student engagement takes this into account. For example, the skill of reading and formulating critical assessment of white papers and scientific publications is one of the necessary skills for any senior software developer or system architect. Requiring those skills is a time-intensive process that requires practice, in the same way as many other aspects of software development skillsbase. The games or game-like incentive systems have been designed to provide long-lasting effects. However, the evaluation and success metric provide us with their own challenges that we describe in this and the following section.
In our MSc courses, we typically have between 10-20 students (Table 1) . Setting up randomized control groups with such small class sizes has not been practical. Therefore, we have used previous years that has not used the system as a baseline for comparisons. We have used qualitative (student self-evaluations, testimonials) and quantitative evaluation methods (number of student participating, number of questions asked, quality of questions, and so on) that do not provide objective metrics for the evaluation of impact of our system. The use of different student years as control is not ideal, as it does not account for confounding factors such as exact learning material, the average skill level or motivational aspects as well as other curriculum aspects affecting individual courses. Nevertheless, we believe that the qualitative and subjective evaluations do help in providing evidence and future direction of this line of educational improvements.
| GoRaD
The key measurement of success for this type of engagement is the actual interaction with the students. Below, we present both quantitative numbers for interactions as well as qualitative feedback from students. Given the limited number of students undertaking MSc degree programme, it has been challenging to provide solid research results as to the effectiveness of the proposed strategies. Nevertheless, we obtained feedback and evaluation from students, through discussions and qualitative evaluations.
The use of a system that actively rewards reflections and provides feedback for improving analytical skills is popular among the Applied Computer Science students. The game aspects do not overpower the importance of analysis and reflection, so the students can still see that the core activity in the course is learning to be a researcher, rather than merely being good at the GoRaD game.
The GoRaD game has been used for 4 years (2015-2018), in both, Mobile and Serious Games specialization courses. The student groups during that period consisted of groups between 6-12 students. The number of questions asked, ranged from 3 to 9 per week. There are total 242 questions and comments posted across all three courses. On good weeks, the participation would reach close to 80%, and on less-engaging weeks, as low as 30%. However, without the game we have observed typical engagement in the range between 10% to 30%, and we have confirmed with every lecturer using the system the improved engagement overall with the use the system, as compared to previously observed typical student engagement. The typical student engagement was low, and students would not read the pre-assigned articles ahead of lecture. Instead, they would wait for the discussion in class, and read the articles after the class. However, if none of the students read the article before the class, the discussion inclass would take a form of lecturer monologue. In general, the use of the GoRaD system improved the student engagement in the class. The discussions have grown from 0%-30% active students in the class without using the game, to somewhere between 30% and 80% of the class when the game has been used. Most students would read the article before the session and post their questions. Quote from students:
The questions of others made me think of certain aspects of the article that I have not thought of myself.
It has been fun to ask questions and see how others like my question.
| Arguing and counter-arguing
The essay writing and counter arguing form of student engagement through the use of GoRaD system has been used in 2014-2018, in a form of oral confrontations between two students. In 2016-2018, we have added the written form of the same idea, based on essay writing, reviewing, and written form of counter-arguing. In general, the essay writing and arguing is a popular task that students enthusiastically engage in. Students have enjoyed the engagement (Relatedness) and freedom to argue their own chosen case (Agency), as well as gained confidence and competence in expressing their opinions in written form. In general, each student is required to write approx. 2 × 1,200 words for the main essay and their main counter argument. In addition, they have to write approx. 3 × 600 words of reviews. The reviews range from shorter, more generic ones to longer and fully developed arguments for and against the main thesis provided in the essay. In 2016, the average length of the essay in the class was 1,185 words, with the standard deviation of 147 words. In the 2017, the average length of the essay was 1,291 words, with the standard deviation of 328 words. The slightly longer average and larger deviation in 2017 suggests a more diverse student group, and does not have statistical significance.
In 2016-2017, only one lecturer have used the system, and the lecturer has recorded positive feedback on the activities from the students. The students were engaged and enthusiastic in formulating and expressing their opinions. Quote from students:
It has been great to read what others thought of my essay. I have got lots of positive feedback, and it make me feel good.
The improvement suggestions were great. I have not thought of those things before.
| CONCLUSION, FUTURE WORK, AND LIMITATIONS
In this article, we have described three main strategies used to engage and motivate students in the software engineering MSC programme. Our students specialize in Programming of Web, Mobile and Games technologies. The three strategies used are: the game of reading and discussing (GoRaD), the system for argumentation, reviewing and counter arguing, and the combination of theory and practice in software development courses.
Our initial experiments and testimonials from students provide encouraging results. The results suggest that the use of various gamification elements in software engineering curriculum can provide beneficial encouragement to students, improving engagement and general satisfaction from combining theory-and research-based inputs to the student software engineering practices.
The generic framework we have worked within, Self Determination Theory (SDT), has proved itself as a valuable frame of reference, and provided helpful dimensions on which to focus during the design of the gamification system. The Agency, Relatedness, and Competence are valuable constructs in designing engaging and inherently motivating games. The use of quantified methodologies has been a challenge, given the low number of students in our MSc programme. We have used informal interviews and unstructured feedback from students. This however, provides only circumstantial evidence, and is not sufficient for making generalizable claims as to the effectiveness of the particular gamification methods used. We are planning to engage larger, multi-campus MSc programmes, and this would allow us to compare larger number of students.
The resulting engagement has been improved in class, however, we do not know if students reading of white papers and technical documentations has long-term effects, or, if those in-class effects wear off. One of the potential future areas of study is the analysis of students' engagement in professional and semi-professional dissemination platforms, such as LinkedIn, Medium, open source projects (e.g., on GitHub), and others, to see if the game elements have improved their engagement within the professional software development communities.
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